First-episode psychosis (FEP) patients show hyperactivity of the hypothalamic-pituitaryadrenal (HPA) axis, but the mechanisms leading to this are still unclear. The aim of this study was to investigate the role of stress and antipsychotic treatment on diurnal cortisol levels, and on cortisol awakening response, in FEP. Recent stressful events, perceived stress and childhood trauma were collected in 50 FEP patients and 36 healthy controls using structured instruments. Salivary cortisol was obtained at awakening, at 15, 30, and 60 min after awakening, and at 12 and 8 pm. Patients experienced more recent stressful events, perceived stress and childhood trauma than controls (p < 0.001). Patients had a trend for higher diurnal cortisol levels (p = 0.055), with those with less than two weeks of antipsychotics showing significantly higher cortisol levels than both patients with more than two weeks of antipsychotics (p = 0.005) and controls (p = 0.002). Moreover, patients showed a blunted cortisol awakening response compared with controls, irrespectively of antipsychotic treatment (p = 0.049). These abnormalities in patients were not driven by the excess of stressors: diurnal cortisol levels were negatively correlated with the number of recent stressful events (r = − 0.36, p = 0.014), and cortisol awakening response was positively correlated with a history of sexual childhood abuse (r = 0.33, p = 0.033). No significant correlations were found between perceived stress or severity of symptoms and cortisol levels, either diurnal or in the awakening response. Our study shows that antipsychotics normalize diurnal cortisol hyper-secretion but not the blunted cortisol awakening response in FEP; factors other than the excess of psychosocial stress explain HPA axis abnormalities in FEP.
Introduction
Previous studies in patients with psychosis have demonstrated that stress is an important factor in the development of psychosis, but the biological mechanisms by which stress affects psychosis remain unclear. One model of psychosis, the vulnerability-stress model, posits that predisposing biological factors increase the sensitivity of some individuals to stress and thus make them more vulnerable to develop psychosis under stressful circumstances (Myin-Germeys and van Os, 2007; Pariante, 2008) . Indeed, an excess of stressful life events has been shown to precede the onset of psychosis and psychotic relapse in patients with schizophrenia (Bebbington et al., 1993; Walker et al., 2008) . Moreover, childhood adversities have also been linked to an increased risk for development of psychiatric disorders, and have been reported to be more frequent in patients with psychosis Schizophrenia Research 116 (2010) [234] [235] [236] [237] [238] [239] [240] [241] [242] than in the general population (Read et al., 2005) . Finally, patients with psychosis seem also to perceive daily hassles as more stressful than healthy subjects (Myin-Germeys and van Os, 2007) , indicating that they may have a higher sensitivity to stress.
Studies in psychosis have also shown that patients who are in the acute phase of a psychotic disorder, with florid symptoms, newly hospitalized or unmedicated, show hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis, the main biological system involved in mediating the effects of stress (Gallagher et al., 2007; Gunduz-Bruce et al., 2007; Herz et al., 1985; Lammers et al., 1995; Sachar et al., 1970; Tandon et al., 1991) . HPA axis activity is activated by the release of the corticotropin releasing hormone (CRH) from the hypothalamus, which in turn activates the secretion of adrenocorticotropic hormone (ACTH) from the pituitary, which finally stimulates the secretion of cortisol from the adrenal gland. Cortisol then interacts with its receptors in multiple target tissues including also the HPA axis, where it is responsible for feedback inhibition of the secretion of ACTH from the pituitary and CRH from the hypothalamus (Pariante and Lightman, 2008) . Some authors have suggested that HPA axis hyperactivity could contribute to the pathogenesis of psychotic disorders by increasing brain dopaminergic activity (Walker and Diforio, 1997) . Indeed, we have recently described that subjects at high risk of developing psychosis, including healthy first degree relatives of patients with schizophrenia (Mondelli et al., 2008) and subjects with prodromal symptoms (Garner et al., 2005) , have a larger pituitary volume, again suggesting that hyperactivity of the HPA axis participates to the predisposition to psychosis.
The hyperactivity of the HPA axis in psychosis is particularly evident at the illness onset, which is often described as the most distressing time. Indeed, studies in subjects experiencing their first psychotic episode have shown increased circulating levels of cortisol and ACTH (Broome et al., 2005; Gunduz-Bruce et al., 2007; Pariante et al., 2004 Pariante et al., , 2005 Ryan et al., 2003; Ryan et al., 2004; Sachar et al., 1970) and higher rate of dexamethasone non-suppression (Ceskova et al., 2006) . Our own work has shown a larger pituitary volume in patients with a first-episode psychosis (Pariante et al., 2004 . This increased volume has been interpreted as indirect evidence of HPA axis hyperactivity as it is present in antipsychotic free patients as well as in patients receiving non-prolactin elevating atypicals, although clearly the volume of the pituitary is even larger in subjects taking prolactin-raising antipsychotics (Pariante et al., 2004 Pariante, 2008) . Moreover, one study has recently described a blunted cortisol awakening response -a marker of dynamic HPA responsivity to a naturalistic stressor (Clow et al., 2004; Roberts et al., 2004 ) -in a small group of patients with recent onset of psychosis (Pruessner et al., 2008) . In contrast, data in patients with established psychosis show that long-term antipsychotic treatment normalizes HPA axis hyperactivity (Tandon et al., 1991) . Indeed, previous studies have shown that treatment with atypical antipsychotics, such as olanzapine, clozapine or risperidone, causes reduction in cortisol levels in patients with schizophrenia as well as in healthy controls (Cohrs et al., 2006; Hatzimanolis et al., 1998; Mann et al., 2006; Markianos et al., 1999; Meltzer, 1989; Scheepers et al., 2001; Zhang et al., 2005) ; interestingly studies investigating typical antipsychotics like haloperidol, pimozide or sulpiride, reported that cortisol levels are unaffected by these drugs in healthy volunteers (Cohrs et al., 2006) . Therefore, studies in first episode are particularly relevant to understand the role of stress and HPA axis hyperactivity in psychosis, while avoiding confounders such as the long-term antipsychotic treatment and chronicity of the illness.
Several factors have been hypothesized to explain the HPA axis hyperactivity at the onset of psychosis: an increased level of stressful life events preceding the onset (Bebbington et al., 1993; Garner et al., 2005) ; an increased sensitivity to stress (Myin-Germeys and van Os, 2007) ; an increased rate of childhood trauma (Fisher et al., 2009; Nemeroff, 2004; Read et al., 2005) ; the distress and severity of the psychotic experience (Dinan, 2005) ; heavy tobacco smoking (De Leon and Diaz, 2005) ; and an increased use of cannabis (Di Forti et al., 2007) , which in turn increases cortisol levels in humans (D'Souza et al., 2004 (D'Souza et al., , 2005 . Surprisingly, however, these factors have not been yet studied together with HPA axis activity in first-episode psychosis. Therefore, in our study we investigate HPA axis activity (salivary cortisol during the day and in response to awakening) together with all of the putative mechanisms described above as well as the effects of antipsychotic treatment, in a sample of patients at their firstepisode psychosis, and in healthy controls from the same geographical area.
Methods

Subjects
First-episode psychosis patients were recruited in London (UK) from the Lambeth, Southwark and Croydon inpatient and outpatient units, part of the South London and Maudsley (SLAM) NHS Foundation Trust, as part of the Genetic and Psychosis (GAP) study. The recruitment strategy was based on contacting inpatients and outpatients services regularly, interviewing staff and reviewing clinical notes, and approaching all subjects aged 18-65 who presented for the first time to these services for a functional psychotic illness (ICD10 F10-19, excluding coding F1x.0 for Acute intoxication; F20-29 and F30-39, psychotic codings) (World Health Organisation, 1992) . Patients with organic psychosis, learning disabilities or requiring a translator because of lack of English fluency were excluded from the study. Controls were recruited from the same catchment's area as the patients through advertisement in local newspapers, hospitals and job centers, as well as from existing volunteer databases. Controls were screened using the Psychosis Screening Questionnaire (PSQ) (Bebbington and Nayani, 1995) , and excluded if they met criteria for a present or past psychotic disorder. Both patients and controls were excluded if taking any kind of hormonal treatment. The study was approved by the local Ethical Committee, in accordance with the code of ethics of the World Medical Association, and written informed consent was obtained by all participants.
We recruited and assessed 50 patients with first-episode psychosis and 36 healthy controls. None of the controls was clinically depressed or treated with antidepressants at the time of the study. Seventeen patients received a DSM-IV diagnosis of schizophrenia, nine of schizophreniform disorder, thirteen of psychotic disorder not otherwise specified, nine of delusional disorder, one of schizoaffective depressive disorder, and one of schizoaffective bipolar disorder. Seven patients were drug naïve, ten had less than two weeks of treatment (3 were on quetiapine, 3 on risperidone, 2 on aripriprazole, 1 on haloperidol, and 1 on olanzapine) and 33 were treated with antipsychotic drugs for more than two weeks (16 were on olanzapine, 12 on risperidone, 2 on aripriprazole, 2 on haloperidol, and 1 on amisulpiride). Patients were further divided into those with less than two weeks (n = 17) and those with more than two weeks (n = 33) of antipsychotic treatment, based on recent studies providing evidence that the greater "psychotic" improvement is seen within the first two weeks of treatment (Agid et al., 2006) .
Questionnaires and clinical assessment
Socio-demographic data were collected using a modified version of the MRC Sociodemographic Schedule (Mallett et al., 2002) . Validation of clinical diagnosis was obtained using the Operational Criteria (OPCRIT) (McGuffin et al., 1991) , reviewing the case notes in the first month following first contact with services. The presence or absence of symptoms was measured by the OPCRIT checklist using the strict OPCRIT definitions. Inter-rater reliability between researchers for the OPCRIT was very good (Cronbach's alpha = 0.91). The case notes of the first month following first contact with psychiatric services were also used to obtain a total symptom score by summing the individual symptom item scores according to Wing and Sturt's (1978) procedure for the Present State Examination.
We collected information about stressful life events, in the previous six months, using the Brief Life Events questionnaire (Brugha and Cragg, 1990) . This questionnaire assesses both the number and the emotional impact of life stressors involving moderate or long-term threat, such as illness or injury, death of a close friend or relative, unemployment, financial loss and loss of important relationships. We also measured the perceived stress, in the previous month, using the Perceived Stress Scale (Cohen and Williamson, 1988) . This is a 10-item scale measuring the degree to which situations in one's life are appraised as stressful; the items are designed to tap how unpredictable, uncontrollable, and overloaded respondents find their lives in the last month. Information about childhood trauma were also collected, using a modified version of the Childhood Experience of Care and Abuse (CECA) Questionnaire (Bifulco et al., 2005) , including information about loss of parents, separation from parents for more than 6 months, and physical and sexual abuse before the age of 17 years. Cut-points published by Bifulco et al. (2005) were used to dichotomize responses on the physical abuse variable into severe and nonsevere categories. A composite variable was created using the four dichotomized variables considered (loss of parents, separation from parents for more than 6 months, severe physical abuse and presence of sexual abuse): the score of this variable ranged from 0 (absence of any childhood trauma) to 4 (presence of all the four childhood traumas investigated). This variable was then further dichotomized as 0 if no childhood trauma was present ('absence of childhood trauma') and 1 if one or more types of maltreatment experienced was present ('presence of childhood trauma'). Tobacco smoking was evaluated by direct questions about current and past history of tobacco smoking. Finally, current and lifetime cannabis use was evaluated with the Cannabis Experience Questionnaire (Barkus et al., 2006) .
Salivary cortisol assessment
Saliva samples were collected to measure salivary cortisol using Salivettes (Sarstedt, Leicester, UK) in which saliva is absorbed in a cotton roll. Subjects were instructed to collect saliva samples by chewing the cotton roll for 2 min, immediately after awakening (0 min) and 15, 30 and 60 min after awakening, and again at 12 pm and at 8 pm. In 11 patients and 24 controls, we also completed a second-day collection to confirm reliability on the collection of the 4 samples during the first hour from awakening (Pearson's correlation between the first and second days ranged 0.62-0.71, p < 0.001, for each time point). Subjects were instructed to wake up before 10 am, to take the first sample while still in bed, and then not to have breakfast or brush their teeth during the first hour of awakening, and in the 30 min before taking the sample at 12 pm and 8 pm. This was in order to avoid falsely high cortisol values due to plasma exudates from minor bleeding in the oral cavity, or from meal-stimulated rises in cortisol. On the arrival to the laboratory the salivettes were frozen at − 20°C. After thawing, they were centrifuged at 3500 rev/min for 10 min, which resulted in a clear supernatant of low viscosity. Saliva cortisol concentrations were determined using the "Immulite" -DPC's Immunoassay analyzer (www.diagnostics.siemens.com). The plasma cortisol assay of the analyzer was suitably modified and then validated for these measurements. A set of 10 cortisol standards in saline were used in each assay to plot a calibration graph. This was highly reproducible with slope of (mean ± SEM) 0.197 ± 0.004. The method correlated well with a previously published TR-FIA (Juruena et al., 2006) . It had analytical sensitivity of 0.2 nmol/l and inter/intra assay precision (% CV) of less than 10% (cortisol concentration range 5 to 25 nmol/l). All samples from the same subject were analyzed in the same run.
Data analyses
To limit the number of statistical comparisons, all HPA axis analyses were conducted using two summary measures: the Area Under the Curve (AUC) of cortisol levels during the day (0 min, noon and 8 pm) and the AUC of the increase (AUCi) of cortisol levels after awakening (from 0 min to 15, 30, and 60 min after awakening). Both formulas for the calculation of the AUCs were derived from the trapezoid formula (Pruessner et al., 2003) .
Data were analyzed using the Statistical Package for Social Sciences, Version 15.0 (SPSS Inc.). Continuous variables are presented as mean ± standard error mean. The independent sample t-test was used to compare means of continuous variables between patients and controls (e.g., number of stressful events, perceived stress score, cortisol AUC during the day and cortisol AUCi in response to awakening). Chisquare test was used to compare categorical variables (e.g., gender, presence of childhood trauma) between patients and controls. A one-way ANOVA, followed by Bonferroni post-hoc analyses, was used to investigate differences in continuous variables between patients taking antipsychotic treatment for less than two weeks, patients taking antipsychotic treatment for more than two weeks, and controls.
Finally, to examine hypothesized predictors of HPA axis activity, we correlated the two HPA axis summary measures (AUC during the day and cortisol AUCi in response to awakening) with the hypothesized factors described above, using Pearson's correlation (for parametric measures such as Perceived Stress Scale score, severity of symptoms, and frequency of cannabis use), Spearman's correlation (for non-parametric measures such as number of recent stressful life events and number of significant childhood trauma), and partial correlation, as appropriate.
Results
First-episode psychosis patients did not differ in age, gender, and relationship status from healthy controls; similarly, there were no differences in these variables between patients with less than two weeks of antipsychotic treatment, more than two weeks of antipsychotic treatment, and controls (see Table 1 ). However, patients and controls differed significantly for ethnicity, as the group of patients included a smaller number of white subjects when compared with the group of controls (p= 0.001, see Table 1 ). This represents the ethnic distribution of patients with psychosis in this geographical area and has been described extensively before Kirkbride et al., 2006; Morgan et al., 2006) . Ethnicity was therefore included as a covariate in confirmatory analyses. The rate of current tobacco smokers was significantly higher in the patients than in controls (see Table 1 ). The mean duration of antipsychotic treatment in our patients was 31.6 ± 4.3 days (range 0-119 days). As expected (Di Forti et al., 2007) , patients tended to smoke more cannabis; the rate of current cannabis users in the patients' group was double than the one in controls, however this difference did not reach statistical significance (see Table 1 ).
Stress variables
First-episode psychosis patients reported approximately three-fold more recent stressful life events, two-fold higher perceived stress levels, and two-fold higher rates of childhood trauma than healthy controls (p < 0.001 for all variables, see Table 2 ).
Cortisol levels
The mean awakening time (on the day of cortisol collection) was 8 am for both patients and controls. Salivary cortisol levels during the day are shown in Figs. 1 and 2 , and the AUCs are presented in Table 2 . Patients showed a trend for higher levels of cortisol levels during the day compared with healthy controls, but this did not reach the statistical significance (AUC, t = − 2.0, df = 1, 82, p = 0.055, see Table 2 and Fig. 1) . However, cortisol levels during the day were significantly different between patients with less than two weeks of antipsychotic treatment, patients with more than two weeks of antipsychotic treatment and controls (F = 7.1, df = 2, 81, p = 0.001; see Table 2 and Fig. 2) . The post-hoc analyses showed that patients with less than two weeks of treatment had higher cortisol levels during the day than both patients with more than two weeks of treatment (p = 0.005), and healthy controls (p = 0.002). In contrast, patients with more than two weeks of treatment did not differ from healthy controls in cortisol levels during the day (p = 1.0, see Table 2 and Fig. 2 ). Finally, we run exploratory analyses on the small group of drug naïve patients (n = 7). We did not find any difference in cortisol levels during the day between drug naïve (107.4 ± 15.5 nmol h/l) and patients who were treated but for less than 2 weeks of antipsychotic treatment (n = 10; 120.7 ± 28.9 nmol h/l; p = 0.7). Indeed, similar to the overall group of patients with less than two weeks of treatment, drug naïve patients also had higher cortisol levels than controls, although this only reached trend statistical significance (p = 0.08).
Cortisol awakening response is presented in Fig. 3 , and Table 2 . First-episode psychosis patients showed a significantly lower cortisol awakening response than healthy controls (AUCi of changes; t = 2.0, df = 1, 84, p = 0.049, see Table 2 ). In contrast with the AUC during the day, there was no difference in the cortisol awakening response between patients with less than two weeks of treatment and patients with more than 2 weeks of treatment (p = 1.0); moreover, both groups of patients had the same degree of blunted cortisol awakening response compared with controls, although this only reached trend statistical significance in the unadjusted comparison (p = 0.097 for both; see Table 2 and Fig. 3 ). In order to confirm that the differences found between patients and controls were not due to the difference in ethnicity, we repeated the analyses described above using ethnicity as a covariate, and found the same results (data not shown).
Correlation analyses
We ran correlation analyses to look at hypothesized predictors of cortisol levels during the day and in response to awakening. Because, as shown above, cortisol levels during the day (but not the cortisol awakening response) were influenced by the antipsychotic treatment, the number of days of antipsychotic treatment was included as covariate in all the analyses looking at cortisol during the day. The results of correlation analyses are presented in Table 3 .
Significant correlations indicated that, in healthy controls, the number of stressful life events in the last 6 months correlated positively with the cortisol levels during the day; in contrast, in patients with first-episode psychosis, the number of stressful life events in the last 6 months correlated negatively with the cortisol levels during the day. Also, frequency of current cannabis use was positively correlated with the cortisol awakening response in patients, but not in controls.
Interestingly, previous studies have shown that cannabis use in patients with first-episode psychosis is associated with a history of a specific form of childhood trauma, sexual abuse (Compton et al., 2004) ; in turn, sexual abuse has been shown more consistently to predispose to HPA axis hyperactivity (Heim et al., 2000) . Therefore, we explored the association between cannabis use, childhood sexual abuse and cortisol levels in these patients. Current frequency of cannabis use was positively correlated with a history of childhood sexual abuse (r = 0.33, p = 0.041), and in turn childhood sexual abuse was correlated with the cortisol awakening response (r = 0.33, p = 0.033). Indeed, the correlation between frequency of cannabis use and cortisol awakening response was not significant after covarying for childhood sexual abuse (r = 0.27, p = 0.1).
Discussion
In our study, patients with first-episode psychosis have a trend for higher cortisol levels during the day, but this difference is entirely driven by those with less than two Bonferroni post-hoc analyses ⁎p < 0.05 vs controls and ⁎⁎p < 0.05 vs patients with less or more than 2 weeks of antipsychotic treatment. Fig. 2 . Cortisol levels during the day in patients with less than two weeks of antipsychotic treatment, patients with more than two weeks of antipsychotic treatment, and controls. * indicates a statistically significant difference in the Area Under the Curve (AUC) of cortisol levels during the day between patients with less than two weeks of antipsychotic treatment and both controls and patients with more than two weeks of antipsychotic treatment.
weeks of antipsychotic treatment. These patients also have significantly blunted cortisol awakening response, irrespectively of antipsychotic treatment. Finally, patients have more recent stressful events, higher levels of perceived stress, and higher rates of childhood trauma, but these do not seem to explain the HPA axis abnormalities. The increased cortisol levels during the day in patients with less than two weeks of antipsychotic treatment are consistent with previous studies in drug-free patients with first-episode psychosis, including the work by Ryan et al. showing higher afternoon ACTH and cortisol levels (Ryan et al., 2004) , and our own work showing an increased pituitary volume . The normalizing effect of antipsychotic treatment on cortisol levels is also in agreement with previous studies in patients with chronic schizophrenia, showing a reduction of cortisol levels following treatment with atypical antipsychotics (Ismail et al., 1998; Jakovljevic et al., 2007; Mann et al., 2006; Popovic et al., 2007; Zhang et al., 2005) . Moreover, the only study published to date on the effect of antipsychotic treatment on HPA axis activity in firstepisode psychosis has also shown normalization of HPA axis activity with antipsychotic treatment, as indicated by a reduction in the rate of dexamethasone non-suppression from 18% to 5% after 4-6 weeks of antipsychotic treatment (Ceskova et al., 2006) . Of note, atypical antipsychotics decrease cortisol levels also in healthy controls (Cohrs et al., 2006) . This suggests that our results may be related not only to the reduction of HPA axis hyperactivity as a reflection of the improvement of psychotic symptoms (Cohrs et al., 2006; Meltzer, 1989) , but also to the direct antipsychotic pharmacodynamic action. Interestingly, recent studies have also shown that drugs reducing the effects of glucocorticoid excess, such as glucocorticoid antagonists, are effective in alleviating psychotic symptoms in patients with psychotic depression (Debattista and Belanoff, 2006; Schatzberg and Lindley, 2008) . Therefore, it is possible that the capability of antipsychotics to decrease diurnal cortisol secretion plays a role in their therapeutic action (Flores et al., 2006) .
The patients with first-episode psychosis also showed more stressful events in the last 6 months, higher levels of perceived stress, and higher rates of childhood trauma, compared with controls. These results are consistent with a number of previous studies examining these variables in patients with psychosis (Bebbington et al., 1993; MyinGermeys et al., 2001; Read et al., 2005) . Of note, however, to our knowledge this is the first study demonstrating more recent stressful events and more perceived stress in firstepisode psychosis. Interestingly, and in contrast with what we hypothesized, diurnal cortisol hyper-secretion in our patients was not explained by these stress measures. Indeed, levels of cortisol during the day correlated negatively with the number of stressful events, and showed non-significant negative correlations with perceived stress and childhood trauma. Of note also is that the relationship between cortisol levels during the day and stress measures was different in patients and controls, since cortisol levels in controls correlated positively with the number of stressful events, and showed not-significant positive correlations with perceived stress and childhood trauma. A possible hypothesis to explain the negative correlations between stress measures and cortisol levels in patients could be the excessive load of stressful events in this sample, with some patients showing as much as five-fold the number of stressful events of controls. Indeed, post-traumatic stress disorder (PTSD), a psychiatric condition caused by highly stressful and life-threatening situations, has also been associated with cortisol hyposecretion (Yehuda, 2001) , suggesting that an extreme excess of stressful situations could determine a decrease in the activation of the HPA axis. Accordingly, in our study, patients in the top 20th percentile for number of stressful life events had similar cortisol levels during the day of healthy controls (data not shown). Interestingly, these results are consistent with a previous study by Oquendo et al. (2003) reporting that depressed patients with PTSD show lower cortisol levels than depressed patients without PTSD, again suggesting that the presence of extremely stressful and traumatic experience can determine a decrease in the activation of the HPA axis also in Table 3 Correlation analyses of stress measures, frequency of current cannabis use and severity of symptoms with Area Under the Curve (AUC) of cortisol secretion during the day and the AUC with respect to increase (AUCi) of the cortisol awakening response in first-episode psychosis patients and healthy controls. depression, another condition characterized by HPA axis hyperactivity. The high cortisol levels during the day in our patients were also not explained by the high rate of tobacco smoking in these subjects. Indeed, the association between schizophrenia and heavy smoking or nicotine dependence is widely recognized (De Leon and Diaz, 2005) and previous studies have reported nicotine as a strong activator of the HPA axis . The lack of association between tobacco smoking and cortisol levels in our firstepisode psychosis patients is however in agreement with a previous study in patients with chronic schizophrenia where no difference in cortisol levels was found between smokers and non-smokers (Iancu et al., 2007) .
We also failed to find any correlation between cortisol levels and severity of symptoms. However, we measured the severity of symptoms in the first month after contact with psychiatric services, and this time-frame did not always correspond to the time when the cortisol was collected and thus reflect the severity of psychotic symptoms at the time of cortisol collection. A further possible explanation for the lack of correlation between cortisol levels and severity of symptoms in our subjects could be related to other hormones counteracting the effects of cortisol. Interestingly, one previous study has shown high serum levels of dehydroepiandrosterone-sulphate (DHEA-S), a hormone with anti-glucocorticoid action, in patients with first-episode psychosis (Strous et al., 2004) , while lower levels of DHEA have been described late in the course of chronic illness (Maninger et al., 2009) . The DHEA-to-cortisol ratio has been described as more informative than either DHEA or cortisol absolute concentrations in particular regarding the possible effect of these hormones on cognitive function (Maninger et al., 2009) . Unfortunately, DHEA measurement would have required a different saliva collection protocol, and given the already large number of assessments, we did not measure DHEA levels in our subjects. Future studies would need to address this hypothesis.
Other factors not examined in our paper might play a role in the HPA axis hyperactivity found in our patients. Indeed, the severity of the non-psychotic, prodromal symptoms preceding the onset may be important, as suggested by our work demonstrating a larger pituitary volume weeks before the clinical onset of the psychosis (Garner et al., 2005 ) -but unfortunately this measure was not available. Another possible factor, explaining the high cortisol levels in first-episode psychosis could be the anxiety associated with experiencing psychotic symptoms for the first time; indeed, Ceskova et al. (2006) found an association between anxiety and predexamethasone cortisolemia before starting antipsychotic treatment in patients with first-episode psychosis. Furthermore, we have also recently described a larger pituitary volume in healthy first degree relatives of patients with schizophrenia (Mondelli et al., 2008) , and proposed that the HPA axis hyperactivity may be related to a genetic predisposition to over-activate the axis. Family history for psychosis was recorded in this sample, but unfortunately only four patients had family history of psychosis, not allowing for any meaningful comparisons.
We also found a blunted cortisol awakening response in our patients, which was not influenced by antipsychotic treatment. It is important to stress that this is the first time that a blunted cortisol awakening response has been described in the context of higher diurnal cortisol levels. Euthymic or acutely ill patients with major depression, a condition usually characterized by elevated cortisol levels during the day (Pariante and Lightman, 2008) , tend to show increased cortisol awakening response (Bhagwagar et al., 2003; Bhagwagar et al., 2005) . In contrast, subjects with chronic fatigue syndrome (Roberts et al., 2004) , and posttraumatic stress disorder (Rohleder et al., 2004; Wessa et al., 2006) , conditions usually characterized by lower cortisol levels during the day (Cleare, 2003; Yehuda, 2001) , also tend to show decreased cortisol awakening responses (Roberts et al., 2004) . This suggests that HPA axis dysfunction in psychosis is not simply a correlate of depression or other general psychopathological symptoms but has a specific profile, perhaps linked to a different genetic background or a different developmental trajectory of the stress abnormalities. Awakening acts as a mild stressor (Roberts et al., 2004) , and thus the blunted cortisol awakening response is consistent with previous studies in patients with chronic schizophrenia, also finding a blunted cortisol response to psychological and psychosocial stressors (Breier et al., 1988; Jansen et al., 1998 Jansen et al., , 2000 , even in the presence of normal baseline cortisol levels (Breier et al., 1988; Jansen et al., 2000) .
Our data are also consistent with a very recent study reporting a blunted cortisol awakening response in men, but not in women, with a recent onset of psychosis (Pruessner et al., 2008) . These authors did not explain this gender difference, but it is of note that women with first-episode psychosis have been described to have a higher rate of childhood sexual abuse than men (Fisher et al., 2009) , and that our data show that childhood sexual abuse increases cortisol awakening response, thus potentially normalizing the blunted response in women. This could explain the results by Pruessner et al. (2008) , although these authors did not assess childhood trauma and therefore this hypothesis cannot be confirmed. Interestingly, we did not detect any difference in cortisol response to awakening between men and women with first episode of psychosis (data not shown), and also did not find a difference in the rate of childhood sexual abuse between these two groups (approximately 20% in both groups) -which is consistent with our hypothesized explanation for the results by Pruessner et al. (2008) .
A few limitations need to be acknowledged. First, this is not a longitudinal study, and therefore we can only speculate that the differences between patients with less and patients with more than two weeks of antipsychotic treatment are due to progressive changes in HPA axis activity related to the length of antipsychotic treatment. Theoretically, patients that could be assessed for this study already with no or little antipsychotic treatment could have different psychopathological, clinical or biological profiles compared with those that could not be assessed until after two or more weeks of antipsychotics. Second, patients and controls differed in ethnicity; however, all the statistical analyses were repeated using ethnicity as a covariate and confirmed the significance of the results obtained. Third, although the subjects completed information sheets during the saliva collection, we did not supervise directly the saliva collection in our subjects. Fourth, our measures of stress were derived from self-reported questionnaires and not corroborated by external evidence, and may represent a less reliable measure of stress. Last, depression is widely recognized to affect HPA axis activity, but we did not perform specific mood evaluations in our sample. Although only 2 of our patients (and none of our controls) had diagnosis of affective psychosis, a specific assessment of depressive symptoms would have given the opportunity to clarify whether high cortisol levels in our patients could be driven by depressive symptoms.
In conclusion, this study shows, in patients with first-episode psychosis, a diurnal cortisol hyper-secretion (in less treated patients) and a blunted cortisol response to the stress of awakening. However, these abnormalities do not seem to be explained by the excess of subjective and objective stress measures. Our findings confirm the strong association between stress and psychosis, but that the bio-psycho-social mechanisms underlying this association are complex and require further study.
